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EXECUTIVE  SUMMARY 


As  part  of  the  Domestic  Preparedness  Program,  an  air-permeable,  charcoal 
impregnated  SARATOGA™  Hammer  Suit  from  Tex-Shield,  Incorporated,  was  tested  to  assess 
its  capability  to  protect  in  a  chemical  warfare  (CW)  agent  environment.  Swatches  of  material 
from  the  suit  were  tested  for  resistance  to  permeation  by  mustard  (HD)  and  sarin  (GB).  From 
that  data,  the  authors  calculated  the  estimated  time  it  would  take  for  sufficient  agent  to  permeate 
the  suit  to  cause  physiological  effects  in  a  person  wearing  the  suit.  The  tests  are  described  and 
the  calculated  breakthrough  times  are  presented.  The  overall  breakthrough  time  was 
>396  min  for  GB  and  253  min  for  HD. 

This  suit  was  also  tested  to  assess  its  ability  to  protect  the  wearer  from  an 
aerosolized  threat.  Human  test  subjects  donned  the  suit  and  entered  a  com  oil  aerosol  chamber. 
The  subjects  then  performed  a  series  of  exercises  to  stress  the  seals  of  the  suit.  A  continuous 
sample  was  pulled  from  the  suit  and  analyzed  by  a  laser  photometer  to  see  if  any  com  oil  aerosol 
had  entered  the  suit.  Of  the  trials  tested,  93.75%  had  an  overall  protection  factor  (PF)  >  2.0, 
while  none  had  an  overall  PF  >  5.0.  All  overall  protection  factors  were  between  1.9  and  3.4. 
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PREFACE 


The  work  described  in  this  report  was  authorized  under  the  Expert  Assistance 
(Equipment  Test)  Program  for  the  U.S.  Army  Edgewood  Chemical  Biological  Center  (ECBC) 
Homeland  Defense  Business  Unit.  This  work  was  started  in  July  2003  and  completed  in 
December  2003. 

The  use  of  either  trade  or  manufacturers’  names  in  this  report  does  not  constitute 
an  official  endorsement  of  any  commercial  products.  This  report  may  not  be  cited  for  purposes 
of  advertisement. 

This  report  has  been  approved  for  public  release.  Registered  users  should  request 
additional  copies  from  the  Defense  Technical  Information  Center;  unregistered  users  should 
direct  such  requests  to  the  National  Technical  Information  Service. 
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TEST  RESULTS  OF  AIR-PERMEABLE  SARATOGA™  HAMMER  SUIT 
TO  CHALLENGE  BY  CHEMICAL  WARFARE  AGENTS 


1.  INTRODUCTION 

In  1996,  Congress  passed  Public  Law  104-201  (Defense  Against  Weapons  of 
Mass  Destruction  Act  of  1996),  directing  the  Department  of  Defense  (DoD)  to  assist  other 
federal,  state,  and  local  agencies  in  enhancing  preparedness  for  terrorist  attacks  using  weapons  of 
mass  destruction.  The  DoD  responded  by  forming  the  Domestic  Preparedness  Program  that 
same  year.  One  of  the  objectives  of  the  Domestic  Preparedness  Program  is  to  enhance 
emergency  and  hazardous  material  (HAZMAT)  response  to  nuclear,  biological,  and  chemical 
(NBC)  terrorism  incidents.  As  part  of  an  effective  response,  personnel  who  are  responding  to  an 
incident  will  use  personal  protective  equipment  (PPE)  to  protect  them  from  exposure  to  chemical 
agents.  The  specific  PPE  that  will  be  used  by  emergency  responders  depends  upon  the  situation 
that  they  encounter  and  the  PPE  that  the  responders  currently  possess.  In  some  cases,  air- 
permeable  charcoal  impregnated  protective  suits  may  be  used  to  enter  a  contaminated  or 
potentially  contaminated  area.  Air-permeable  charcoal  impregnated  protective  suits  are  designed 
to  protect  the  wearer’s  skin  from  chemical  vapor. 

2.  OBJECTIVES 

This  study  evaluated  the  commercially  available  air-permeable,  charcoal 
impregnated  SARATOGA™  Hammer  Suit  to  assess  how  well  it  could  resist  vapor  permeation 
from  liquid  contamination1  by  chemical  agents  mustard  (HD)  and  sarin  (GB).  This  information 
is  intended  for  federal,  state,  and  local  emergency  and  HAZMAT  personnel  as  an  aid  in  their 
evaluation  (and  possible  modification)  of  current  work  rules  regarding  specific  air-permeable 
charcoal  impregnated  suits  currently  in  inventory  and  as  an  aid  in  future  procurement  of 
appropriate  air-permeable  charcoal  impregnated  suits.  This  is  especially  important  if  these 
personnel  choose  to  include  military  chemical  agent  protection  as  a  criterion  for  purchase.  This 
information  supplements  data  and  information  provided  by  the  suits’  manufacturers.  The  suits 
were  tested  as  received.  The  effects  of  aging,  temperature  extremes,  laundering,  and  other 
factors  are  beyond  the  intended  scope  of  this  test  program.  These  tests  are  conducted  to  assess 
percutaneous  (i.e.  skin)  protection2  only. 

3.  TESTING  AND  DATA  ANALYSIS 

3.1  Testing  Overview. 

The  air-permeable,  charcoal  impregnated  SARATOGA™  Hammer  Suit  was 
manufactured  by  Tex-Shield,  Incorporated  (W ashington,  DC).  The  navy  blue  suit  is  a  two-piece 


1  Throughout  this  report  the  term  permeation  is  used  even  though  for  some  of  the  tests  the  precise  mechanism  of 
agent  transfer  is  not  determined  and  penetration  is  likely  to  be  involved  also. 

2  Inhalation  and  ocular  protection  are  typically  provided  by  the  use  of  a  respirator  that  covers  the  eyes,  nose,  and 
mouth. 
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chemical  warfare  protective  overgarment,  consisting  of  a  hooded  coat  and  trousers.  The 
SARATOGA™  Hammer  Suit  is  similar  in  design  to  the  Department  of  Defense  SARATOGA™ 
JSLIST  overgarment.  The  outer  shell  fabric  is  water  repellent  finished,  100%  Cotton  ripstop. 
The  liner  is  SARATOGA™  A1 195,  a  polyester  knit  coated  with  activated  carbon  spherical 
adsorbers  covered  with  a  non-woven  laminate.3  The  suit  (lot#  BL100401891)  was  inspected  1 
April  03  and  considered  acceptable.  Figure  1  shows  the  suit  labels  for  the  coat  and  trousers. 
Appendix  C  shows  the  test  suit.  Permeation  tests  of  material  swatches  were  conducted  to 
measure  the  permeation  of  both  GB  and  HD  through  the  suit  material  swatches. 


Figure  1 .  SARATOGA™  Hammer  Suit  Instruction  Manual  and  Suit  Labels 


3.2  Liquid  Challenge/Vanor  Permeation  Testing  (Agent  Swatch  Testing). 

This  testing  was  conducted  to  measure  the  permeation  of  chemical  agents  GB  and 
HD  through  suit  swatches  over  a  24-hr  period.  The  test  was  intended  to  assess  how  well  the  suit 
materials  and  seams  resist  agent  permeation.  The  amount  of  agent  applied  and  duration  of 
exposure  do  not  represent  any  particular  threat  that  responders  may  encounter,  but  they  do  serve 
as  a  common  point  of  reference  for  all  test  results.  The  Applied  Test  Team  of  the  Research  and 
Technology  Directorate,  Edgewood  Chemical  Biological  Center  (ECBC)  performed  the  testing. 

The  suit  coat  and  trousers  were  each  placed  in  a  sealable  plastic  bag  and  kept  on  a 
laboratory  table  for  storage  during  testing.  The  swatch  locations  to  be  sampled  were  given  in  the 
Modified  Convective  Permeation  Test  Procedure  (Appendix  A).  Three  swatches  each  were 
taken  from  the  chest  area,  thigh  area,  crotch  area,  upper  arm  seam,  lower  leg  seam,  and  hood 
seam.  At  least  one  of  the  swatches  from  the  crotch  area  included  a  seam.  The  swatches  had  a 


3  Information  taken  from  the  Saratoga™  Hammer  Suit  Chemical  Protective  Overgarment  for  Domestic  Preparedness 
Instruction  Manual  (Tex-Shield,  Inc.,  2300  M  Street  N.W.,  Suite  800,  Washington,  DC  20037) 
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diameter  of  l-15/i6-in.  and  were  cut  on  a  sample  press,  normally  the  day  before  testing.  The 
swatches  were  mounted  in  test  cells  and  placed  in  the  test  cabinet  for  at  least  an  hour 
conditioning  at  90  °F  and  35%  RH  prior  to  testing;  one  swatch  per  test  cell. 

3.2.1  Liquid  Challenge  /Vapor  Permeation  Testing  Procedures. 

The  modified  convective  permeation  test  procedure  was  adapted  from 
TOP  8-2-501 4  and  is  described  in  Appendix  A.  Air  permeability  was  determined  using  a  Frazier 
Precision  Instrument  (#961)  low-pressure  air  permeability  machine.  The  minimum  air 
permeability  for  use  of  this  test  procedure  is  20  cm3/min/cm2  at  0.1  in.  WC  (inch  of  water 
column).  A  total  of  36  swatches  were  taken  from  each  of  the  six  different  areas  described  above 
(18  each  for  GB  and  HD).  Also,  12  swatches  were  cut  from  the  suit  pants  for  a  positive  control 
test.  Two  tests  were  run  for  each  agent.  One  test  covered  four  areas  of  the  suit  (12  swatches), 
and  the  second  test  covered  two  areas  of  the  suit  (6  swatches).  Figure  2  shows  the  test  cell  that 
was  used. 

For  each  test,  laboratory  personnel  applied  a  predetermined  liquid  agent  challenge 
(10g/m2)  to  the  top  surface  of  each  swatch.  Agent  droplets  were  applied  to  the  surface  of  the 
first  swatch  at  time  zero.  Agent  was  then  applied  to  the  surface  of  each  succeeding  swatch  at 
roughly  3-min  intervals.  The  convection  tower  is  connected  to  the  upper  chamber  of  each  test 
cell  and  a  flow  of  air,  from  the  clean  air  manifold,  sufficient  to  maintain  a  differential  pressure  of 
0.1  in.  WC,  is  drawn  through  die  swatch  into  the  lower  test  cell  chamber.  The  air  then  passes 
through  the  lower  test  cell  chamber  outlet  and  through  Teflon  tubing  to  the  sampling  tee  located 
prior  to  the  linear  mass  flow  controller  and  vacuum  manifold.  The  test  cell  was  placed  into  a 
TOP  permeation  test  apparatus  with  system  control  and  data  acquisition  system,  fabricated  by 
Battelle  Memorial  Institute  (Columbus,  Ohio).  Figure  2  shows  the  permeation  apparatus.  The 
test  cell  inlet  was  connected  to  the  manifold,  which  draws  conditioned  clean  air.  The  test  cell 
outlet  was  ponnected  to  a  vacuum  source  whose  flow  is  maintained  by  a  mass  flow  controller.  A 
flow  of  1 .0  L/min  was  maintained  in  the  lower  test  cell  chamber  beneath  each  swatch. 

During  the  24-hr  test  period,  gas  samples  were  taken  on  a  sequential  basis  by  a 
laboratory  MINICAMS™  (OI  Analytical,  CMS  Field  Products  Group,  Birmingham,  AL)  with 
stream  selection  system  (a  miniaturized  gas  chromatograph  (GC)  with  flame  photometric 
detector  and  sampling  system)  from  the  airstream  beneath  each  swatch,  at  each  sampling  tee. 

See  Figure  3.  Gas  sampling  began  for  the  first  swatch  approximately  3  min  following  agent 
application.  For  HD,  subsequent  3-min  cycles  of  the  MINICAMS™  were  composed  of 
2.5  min  of  desorption  of  collected  agent  vapor  from  the  pre-concentrator  tube  (PCT)  onto  the  GC 
column  followed  by  0.5  min  of  gas  sampling  (collection  of  agent  vapor  in  the  PCT).  Sampling  is 
done  sequentially  through  the  swatches.  The  twelve  swatches  for  the  first  test  were  sampled 


4Test  Operations  Procedure  (TOP)  8-2-501,  Permeation  and  Penetration  of  Air-Permeable,  Semipermeable  and 
Impermeable  Materials  with  Chemical  Agents  or  Simulants  (Swatch  Testing).  U.S.  Army  Dugway  Proving 
Ground,  UT,  3  March  1997,  UNCLASSIFIED  Report  (AD  A322329). 
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approximately  every  36  min.  The  6  swatches  for  the  second  test  were  sampled  approximately 
every  1 8  min.  For  GB,  the  MINICAMS™  cycle  was  2.5  min,  consisting  of  2  min  of  desorption 
and  0.5  min  of  gas  sampling.  The  12  swatches  for  the  first  test  were  sampled  approximately 
every  30  min.  The  6  swatches  for  the  second  test  were  sampled  approximately  every 
15  min. 


Figure  2.  Permeation  Apparatus  and  Test  Cells 


Figure  3.  MINICAMS™  and  Stream  Selection  System  (SSS) 

The  MINICAMS™  first  determines  the  amount  of  agent  vapor  in  each  gas 
sample.  Using  this  result,  the  amount  (ng)  of  agent  vapor  present  in  the  airstream  that  passes 
through  the  swatch  over  the  time  from  the  previous  gas  sample  to  the  current  gas  sample  is 
determined  by  the  MINICAMS™  permeation  software.  The  calculations  assume  that  the 
permeation  change  with  time  is  a  straight  line  over  the  sampling  time  interval.  The  permeation 
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for  each  time  interval  is  the  average  of  the  permeation  rates  (flux,  ng/cm2/min)  for  the  current 
and  previous  gas  samples  multiplied  by  the  sampling  time  (36  or  18  min).  This  amount  of  agent 
vapor  is  presumed  to  be  the  amount  that  has  permeated  the  swatch  over  that  time  interval.  The 
cumulative  mass  of  agent  permeating  the  swatch  per  unit  area  at  any  elapsed  time  during  the  24- 
hr  test  is  defined  as  Mf  (mass/area).  It  is  based  on  the  mass  permeated  in  the  time  interval  over 
the  effective  swatch  area,  which  is  the  opening  in  the  permeation  cell  (10  cm2),  and  is  determined 
by  the  MINICAMS™  permeation  software.  Over  the  24-hr  test  period,  a  series  of  Mf  values 
were  calculated  for  each  swatch. 

3.2.2  Liquid  Challenge/Vapor  Permeation  Testing  Analysis. 

The  tests  yielded  Mf  data  for  18  swatches  for  each  of  the  two  agents  over  the 
24-hr  test  period.  The  Mf  data  were  taken  for  each  of  the  three  swatches  from  one  of  the  six 
sampling  areas  (see  Equation  1).  The  average  cumulative  permeation  (Mf)  for  the  three,  replicate 
swatches  for  each  suit  area  (i.e.,  chest  area)  was  calculated.  This  average  was  then  presented,  at 
each  of  the  reported  elapsed  times,  and  was  assumed  to  be  representative  of  the  suit’s  permeation 
resistance  at  that  sampling  area.  The  reported  elapsed  time  for  each  sampling  area  was  the  sum 
of  the  elapsed  times  for  the  three  swatches  divided  by  three. 

To  estimate  the  overall  suit  Mf  at  each  elapsed  time,  the  simplifying  assumption 
was  that  exposure  is  uniform  over  the  entire  suit.  This  permitted  the  use  of  the  weighting  factor 
scheme  developed  by  Belmonte5  to  determine  the  weighted  average  Mf  over  the  entire  suit  at 
each  average  elapsed  time.  The  average  elapsed  time  was  the  sum  of  the  reported  elapsed  times 
for  all  the  sampling  areas  divided  by  the  number  of  sampling  areas.  The  weighting  factors  were 
assigned  roughly  on  the  basis  of  surface  area,  assigning  a  minimum  value  of  5%.  The  weighted 
average  Mf  at  any  average  elapsed  time  was  calculated  using  the  following  equation: 

Weighted  average  Mf  =  0.4(Chest  area  Mf)  +  0.35(Thigh  area  Mf)  +  0.05  (1) 

(Upper  arm  seam  Mf)  +  0.05(Lower  Leg  seam  Mf)  +  0.05(Crotch  area  Mf)  + 
0.05(Hood  seam  Mf) 

3.2.3  Relationship  of  Liquid  Challenge/Vapor  Permeation  Test  Results  to  Skin 

Exposure. 

The  permeation  test  was  designed  to  distinguish  among  these  material  swatches 
according  to  their  permeation  resistance  to  chemical  agents.  It  was  not  intended  to  specifically 
replicate  threat  scenarios  that  may  be  encountered  in  actual  use  or  to  determine  safe  wear  times. 
As  previously  reported  by  Belmonte,5  it  was  instructive  to  estimate  the  agent  dosage  (Cjtskin)  that 
would  result  from  such  a  standard  agent  challenge  as  a  relative  indication  of  possible 
physiological  effects.  This  was  done  by  converting  the  weighted  average  Mf  values  to  equivalent 
agent  dosages.  This  relationship  was  developed  by  Fedele  (written  communication,  Dr.  P. 

Fedele,  Research  and  Technology  Directorate,  ERDEC,  July  1997)  and  was  reported  by 
Belmonte.5  For  suit  materials  permeable  to  airflow,  the  equation  is: 


5  Belmonte,  R.B.  Test  Results  of  Level  A  Suits  to  Challenge  by  Chemical  and  Biological  Warfare  Agents  and  Simulants: 
Summary  Report ,  ERDEC-TR-513,  U.S.  Army  Edgewood  Research,  Development  and  Engineering  Center:  Aberdeen  Proving 
Ground,  MD,  1998;  UNCLASSIFIED  Report  (AD  A353013). 
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CiTskin  =  {Mf(Pf  +  q/A)}/ {(q/A  +  q*/A)(Pf  +  Ps  +  q/A)} 


(2) 


where 

Pf  =  fabric  permeability  to  agent 
q  =  air  flow  through  the  fabric 

q*  =  air  flow  added  beneath  the  fabric  (for  the  convective  permeation  test,  q*  =  0) 
A  =  area  of  fabric  exposed  to  agent 
Ps  =  skin  permeability  to  agent. 

The  air  flow  through  the  fabric  was  controlled  to  maintain  a  pressure  drop  of 
0.1  in.  WC,  so  q/A  is  the  fabric  air  permeability  (Pa).  The  equation  becomes: 


CiTsidn  =  MKPf  +  Pa)/Pa(Pf  +  PS  +  Pa)  (3) 

The  Pa  must  be  equal  to  or  greater  than  20  cm/min  for  the  convective  permeation 
test  to  be  used.  If  a  fabric  provides  good  protection,  Pf  is  small.  The  Ps  is  2.0  cm/min  for  HD 
and  0.1  cm/min  for  GB;  small  relative  to  Pa.  The  equation  becomes: 

CiTskin=Mf/Pa  (4) 

This  approach  was  reviewed  by  Fedele  and  found  to  be  a  good  approximation 
(written  communication,  Dr.  P.  Fedele,  Engineering  Directorate,  ECBC,  29  Mar  00).  The  agent 
dosage  can  then  be  compared  to  doses  that  are  known  to  cause  certain  levels  of  toxicity  with  the 
assumption  that  skin  permeability  is  constant  for  a  given  agent  over  all  regions  of  the  body. 

3.2.4  Evaluation  Criteria  for  Liquid  Challenge/V anor  Permeation  Test  Results. 

When  analyzing  the  test  results,  it  is  useful  to  determine  whether  die  data  indicate 
that  the  air-permeable  suit  provides  percutaneous  (i.e.,  skin)  protection  over  some  period  of  time. 
Mustard  vapor  can  produce  erythema6  (reddening  of  the  skin,  certain  body  regions)  at  dosages  of 
approximately  100  mg-min/m3  and  can  produce  vesication  (skin  bums  and  blisters,  certain  body 
regions)  at  200  mg-min/m3.  Sarin  vapor  can  produce  incapacitation6  (twitching,  convulsions,  or 
loss  of  consciousness)  at  unprotected,  percutaneous  dosages  of  approximately  8000  mg-min/m 
and  can  be  lethal  at  unprotected,  percutaneous  dosages  of  15000  mg-min/m3  where  exposed 
persons  are  healthy,  young,  fit,  and  well-nourished  males  of  approximately  70-kg  mass.  People, 
who  are  smaller,  less  fit,  etc.,  may  exhibit  adverse  effects  at  lower  doses  (QtSkin). 

The  simplifying  assumption  was  that  the  suit  was  exposed  to  a  uniform  liquid  GB 
challenge  over  its  entire  surface,  resulting  in  a  uniform  exposure  of  all  body  regions  to  GB  vapor. 
This  is  conservative  because  the  areas  likely  to  receive  more  exposure  (hands,  arms,  chest,  and 
back)  would  also  be  those  less  sensitive.  Therefore,  the  amount  of  agent  per  unit  area  (weighted 
average  Mf)  necessary  to  permeate  the  suit  to  produce  a  predetermined  physiological  effect  was 
estimated  by  using  each  of  the  above  dosages  and  that  suit’s  fabric  air  permeability  (Pa)-  These 
values  were  used  to  determine  the  physiologically  derived  breakthrough  times  in  the  graphs  of 


6Belmonte,  R.B.  Test  Results  of  Level  A  Suits  to  Challenge  by  Chemical  and  Biological  Warfare  Agents  and  Simulants: 
Summary  Report,  ERDEC-TR-513,  U.S.  Army  Edgewood  Research,  Development  and  Engineering  Center:  Aberdeen  Proving 
Ground,  MD,  1998;  UNCLASSIFIED  Report  (AD  A353013). 
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weighted  average  Mf  versus  time  given  in  Appendix  B  and  summarized  in  Table  1 .  The 
critical  breakthrough  dosages,  used  to  calculate  threshold  Mf  values,  are  considered  to  be 
100  mg-min/m3  for  HD  (reddening  of  skin)  and  8000  mg-min/m3  for  GB  (incapacitation  - 
twitching,  convulsions,  or  loss  of  consciousness).  A  physiologically  derived  breakthrough  time 
is  the  time  when  the  weighted  average  Mf  equals  the  threshold  Mf  calculated  from  Equation  4. 


Table  1.  Agent  Breakthrough  < 

Criteria 

suit 

Agent 

w  info  F[« } 

B  6Tn-f:T»T:Ml  iii*  dBB 

Physiological 

Effect 

Fabric  Air 
Permeability  (Pa) 
at  0.1  in.  WC 
(cm/miri) 

Threshold  Mf 
(ng/cm2) 

SARATOGA™ 
Hammer  Suit 

HD 

100 

Erythema 

56 

5,600 

HD 

200 

Vesication 

56 

GB 

8,000 

Incapacitation 

56 

448,000 

GB 

15,000 

Lethality 

56 

840,000 

Breakthrough  time  should  not  be  interpreted  as  the  time  that  a  suit  can  be  safely  worn, 
either  for  HD  or  GB.  Breakthrough  times  should  only  be  used  to  compare  suit  materials. 

3.3  Protection  Factor  (Aerosol!  Testing. 

A  second  test  was  performed  to  determine  the  suit’s  ability  to  protect  the  wearer 
from  an  aerosol  threat.  This  test  involved  human  test  subjects  donning  the  suit  and  entering  a 
chamber  filled  with  a  challenge  concentration  of  com  oil  aerosol.  This  aerosol  is  kept  between 
20  and  40  mg/m3,  and  the  particle  size  is  between  0.4  and  0.6  fi  Mass  Median  Aerodynamic 
Diameter  (MMAD).  That  concentration  and  size  ranges  are  what  best  simulate  chemical  and 
biological  agent  aerosols.  While  in  the  chamber,  the  subjects  perform  exercises  designed  to 
stress  the  seals  of  the  equipment.  If  the  suit  were  to  leak,  the  com  oil  aerosol  would  enter  the  suit 
and  be  sampled  by  the  laser  photometers.  The  measure  of  the  suit’s  performance  for  this  test  is 
the  protection  factor  (PF). 

3.3.1  Protection  Factor  Testing  Procedures. 

Prior  to  test  day,  the  PF  Test  Facility  received  eight  complete  suit  ensembles 
(jackets  and  trousers),  all  of  which  were  of  the  large/regular  size.  Two  sampling  probes  were 
installed  into  each  jacket.  One  was  located  in  the  upper  arm  region,  and  the  second  was  placed 
in  the  neck  region.  These  areas  were  selected  as  the  most  likely  place  for  aerosol  leakage  to 
occur  during  a  worst-case  scenario.  These  two  probes  were  then  connected  to  a  single  sampling 
tube  using  a  ‘Y’  connector.  Each  jacket  and  trouser  were  paired  and  individually  numbered  for 
uniqueness  throughout  testing. 

On  test  day,  30  military  volunteers  arrived  at  the  PF  Test  Facility  to  participate  in 
the  test.  Anthropometric  measurements  were  taken  from  the  volunteers  including  chest,  waist, 
and  height.  From  these  measurements,  16  subjects  were  chosen  to  best  fit  the  suits  that  were 
provided  to  the  facility.  The  subjects  then  completed  volunteer  agreements,  while  the  PF  Test 
Facility  personnel  explained  the  test  procedure.  The  first  eight  subjects  then  readied  themselves 
to  begin  the  test.  They  donned  the  suit  with  the  help  of  the  PF  Test  Facility  personnel. 
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A  correctly  sized  M40  mask  was  also  expertly  donned  by  the  facility  personnel  onto  the  subjects. 
The  subjects  also  wore  inner  cloth  gloves  and  butyl  rubber  outer  gloves.  Sampling  lines  were 
then  attached  to  the  probes  in  the  suits.  Once  ready,  the  subjects  were  led  into  the  chamber 
where  they  were  attached  to  sampling  tubes  connected  to  laser  photometers  located  outside  of  the 
chamber.  The  test  was  then  started.  The  subjects  performed  the  following  eight  1-min  exercises: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


Normal  breathing 
Bend  forward,  touch  toes 
Jog  in  place 

Raise  arms  above  head  and  look  up 

Bend  knees  and  squat 

Crawl  on  hands  and  knees 

Twist  torso  with  hands  folded  in  front  of  chest 

Normal  breathing 


The  test  facility  personnel  communicated  each  exercise  to  the  subjects  from 
outside  the  chamber.  When  the  test  was  complete,  the  subjects  disconnected  their  sampling 
tubes  and  exited  the  chamber.  All  16  subjects  performed  a  trial  twice  for  a  total  of  32  data 
points. 


3.3.2 


Suit  performance  was  quantified  in  terms  of  a  PF.  Just  before  the  test  was  started, 
the  photometer  takes  a  challenge  aerosol  concentration  reading.  Throughout  the  test,  a  sample 
was  pulled  continuously  from  within  the  suit.  The  PF  was  calculated  by  determining  the  ratio  of 
the  challenge  aerosol  concentration  to  the  in-suit  aerosol  concentration  as  quantified  by 
integrating  the  curve  of  the  voltage  output  from  the  photometer  over  a  time  interval  (1  min  per 
exercise).  A  PF  was  calculated  for  each  individual  exercise  (PF*): 


Challenge  Concentration 
In -suit  Concentration 


(5) 


Each  PF,  for  that  trial  was  then  used  to  calculate  an  overall  PF  for  a  subject  (PF0) 
using  the  harmonic  average  as  follows: 

Mli)'  (< 

where  n  is  the  number  of  exercises.  The  PFC  is  affected  most  by  the  smallest  PF,.  Under  the 
conditions  of  this  test  and  the  sensitivity  of  the  photometer,  the  maximum  PF  that  can  be 
reported  is  100,000.  The  data  acquisition  computer  performed  all  calculations  at  the  time  of  the 
test.  Appendix  E  shows  the  PF;  and  PF0  for  each  subject  on  each  trial. 
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4. 


RESULTS  AND  DISCUSSION 


4.1  Swatch  Test  Results. 

Five  thickness  measurements  for  each  swatch  were  taken  prior  to  testing  using  an 
Ames  dial  comparator  (B.  C.  Ames  Company,  Waltham,  MA).  The  average  thicknesses  are 
given  in  Appendixes  D  and  E.  The  MINICAMS™  minimum  detection  limit  for  HD  and  GB  was 
set  at  0.57  ng  for  all  tests.  No  visible  damage  was  observed  on  any  of  the  swatches  from  either 
HD  or  GB  exposure.  The  HD  weighted  average  Mf  data  are  presented  in  Table  B-l  and  the  GB 
weighted  average  Mf  data  are  presented  in  Table  B-2.  The  HD  and  GB  individual  swatch  data 
are  given  in  Appendix  D.  The  plot  of  the  weighted  average  HD  permeation  is  shown  in 
Figure  B-l,  and  the  plot  of  weighted  average  GB  permeation  is  shown  in  Figure  B-2.  The  plot  of 
HD  permeation  by  sampling  area  is  shown  in  Figure  B-3,  and  the  plot  of  GB  permeation  by 
sampling  area  is  shown  in  Figure  B-4.  The  results  are  summarized  in  Table  2. 


Table  2.  Overall  Test  Results 


Breakthrough  Time  (minutes) 

Incapacitation 

Erythema 

GB 

HD 

>396 

253 

These  breakthrough  criteria  are  not  to  be  construed  as  safe  threshold  values;  they 
are  being  used  only  to  rank  suits. 

4.2  Aerosol  Test  Results. 

The  overall  PF  values  for  all  of  the  trials  were  between  1.9  and  3.4.  Due  to  the 
low  values  in  PF,  the  operational  exercises  were  not  tested  with  this  suit.  The  subjects  only 
performed  the  eight  exercises  listed  in  Section  3.3.1.  Table  3  lists  the  passing  percentage  for  this 
suit  at  point  estimates  derived  from  Army  requirements.  The  passing  percentage  represents  the 
percentage  of  trials  that  achieved  an  overall  PF  greater  than  the  PF  listed  in  the  left  column. 


Table  3.  PF  Test  Results 


PF 

PASS  % 

6 

100.00 

2 

93.75 

5 

0.00 

4.3  Discussion  of  Results. 

The  test  data  reveals  that  the  SARATOGA™  Hammer  Suit  tested  can  protect  the 
wearers  from  liquid  CW  agents  but  that  the  suit  provides  minimal  protection  from  a  vapor  threat. 
Breakthrough  times  should  not  be  interpreted  as  the  time  that  a  suit  can  be  safely  worn,  either  for 
HD  or  GB.  Breakthrough  times  should  only  be  used  to  compare  suit  materials.  In  other  words, 
the  suit  material  does  provide  limited  skin  protection,  but  the  suit  itself  provides  little  or  no  skin 
protection. 


19 


Blank 


20 


ACRONYMS  AND  ABBREVIATIONS 


A 


ccm 


CFR 

Ct 


Cjtskin 

2 

cm 


CW 

°F 


delta  p 

DoD 

ECBC 

ERDEC 

g 

GB 

GC 

HD 

inch  WC 
kPa 


L 


Mf 

MMAD 

2 


mg 

liL 

ng 

NBC 

OSHA 

PCT 

PF 

PPE 

Pa 

Pf 

Ps 

PF 


q 

q* 

RH 

SCBA 

TOP 


Surface  area  of  fabric  exposed  to.  agent 
Cubic  centimeters  per  minute 
Code  of  Federal  Regulations 

Cumulative  vapor  exposure,  product  of  vapor  concentration  (mg/m3)  and  time  (minutes) 

Cumulative  vapor  exposure  to  skin 

Square  centimeters 

Chemical  Warfare 

Temperature  in  degrees  Fahrenheit 

Differential  pressure 

Department  of  Defense 

U.S.  Army  Edgewood  Chemical  Biological  Center 

U.S.  Army  Edgewood  Research,  Development  and  Engineering  Center 

Gram 

Sarin,  Isopropylmethylphosphonofluoridate 
Gas  chromatograph 

Sulfur  Mustard;  2,2  ’-Dichlorodiethylsulfide 
Inch  of  water  column  (equals  249.0889  pascals  (Pa)) 

Kilopascals  (one  kilopascal  equals  1000  pascals  (Pa)) 

Liter 

Cumulative  mass  permeation  through  the  fabric 

Mass  Median  Aerodynamic  Diameter 

Square  meters 

Cubic  meters 

Milligram 

Microliter 

Nanogram 

Nuclear,  Biological  and  Chemical 

Occupational  Safety  and  Health  Administration 

Pre-concentrator  tube 

Protection  Factor 

Personal  Protective  Equipment 

Fabric  air  permeability 

Fabric  agent  permeability 

Skin  permeability 

Protection  Factor 

Airflow  through  fabric,  cubic  centimeters/min 

Air  flow  added  beneath  fabric,  cubic  centimeters/min 

Relative  Humidity 

Self-Contained  Breathing  Apparatus 

Test  Operations  Procedure 
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APPENDIX  A 

MODIFIED  CONVECTIVE  PERMEATION  TEST  PROCEDURE 


This  test  procedure  was  adapted  from  Test  Operations  Procedure  (TOP)  8-2-501, 
Permeation  and  Penetration  of  Air-Permeable,  Semipermeable  and  Impermeable  Materials  with 
Chemical  Agents  or  Simulants  (Swatch  Testing).  U.S.  Army  Dugway  Proving  Ground,  UT.  3 
March  1997,  UNCLASSIFIED  Report  (AD  A322329). 

1 .  Upon  receipt  of  an  item,  all  available  information  will  be  recorded;  date  of 
manufacture,  lot  number,  serial  number,  materials  of  construction,  etc.  Digital  pictures  will  be 
taken  of  the  label(s)  and  packaging  (if  any). 

2.  From  each  overgarment,  two  6-in.  diameter  material  swatches  shall  be  cut;  one 
from  the  front  chest/abdominal  area  and  one  from  the  front  thigh  area.  These  swatches  will  be 
tested  for  air  permeability  IAW  paragraph  3.2  of  TOP  8-2-501  and  the  results  averaged.  For 
undergarments,  an  equal  number  of  like-sized  swatches  will  be  cut  from  the  undergarment  (same 
locations  as  above)  and  from  the  clothing  (e.g.  police  uniform,  firefighter’s  bunker  gear)  worn 
over  the  undergarment.  Air  permeability  will  then  be  determined  on  the  outer 
clothirig/undergarment  swatch  ensemble,  layered  as  worn.  The  average  air  permeability  must  be 
greater  than  20  cm3/min/cm2  at  0.1  in.  of  water  (inch  WC)  for  the  convective  permeation 
procedure  to  be  used. 

3.  From  each  overgarment,  three  l-15/i6-in.  diameter  material  swatches  will  be 
taken  from  the  chest  area  and  3  like  diameter  material  swatches  will  be  taken  from  the  thigh  area, 
adjacent  to  the  air  permeability  swatch  locations,  for  HD.  The  same  number  of  material 
swatches  from  the  same  locations  will  be  taken  for  GB.  Depending  upon  the  overgarment 
configuration,  three  seam  swatches  (same  diameter)  will  be  taken  from  the  upper  arm,  three  seam 
swatches  will  be  taken  from  the  lower  leg,  and  three  swatches,  including  at  least  one  seam,  will 
be  taken  from  the  crotch  area  for  HD  and  an  equal  number  for  GB.  If  a  hood,  socks,  or  gloves 
are  present;  three  seam  swatches  will  be  taken  from  each  item  for  HD  and  three  for  GB.  Each 
swatch  will  be  placed  in  an  airtight  bag  and  given  a  unique  serial  number,  which  will  be  placed 
on  the  bag.  A  list  of  serial  numbers  will  be  kept  with  the  swatches.  For  undergarments,  an  equal 
number  of  like-sized  swatches  will  be  cut  from  the  undergarment  (same  locations  as  above)  and 
from  the  clothing  worn  over  the  undergarment.  The  outer  clothing/undergarment  swatch 
ensemble  will  be  layered  as  worn  and  stored  as  above. 

4.  The  environmental  chamber  will  be  controlled  at  a  temperature  of  90  °F  ±  2°. 
The  temperature  will  be  checked  weekly  with  a  calibrated  meter.  The  test  cell  air  will  be  drawn 
from  a  manifold  supplied  with  clean  air  (flow  set  at  20-30  L/min,  excess  vented  into  the  test 
cabinet)  from  the  Miller-Nelson  unit  set  at  90  °F  and  80  %  RH.  There  will  be  no  system  control 
and  data  acquisition  system  due  to  budget  constraints.  The  cabinet  temperature  will  be  recorded 
in  a  computer  file.  The  temperature  and  RH  of  the  test  cell  air  will  be  manually  recorded. 

5.  The  TOP  test  cell  with  convective  permeation  tower  will  be  used.  When 
assembling,  the  cell  lugs  will  be  tightened  by  hand  to  finger  tight.  The  conditioned  air  will  flow 
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from  the  manifold  into  the  top  of  the  tower,  through  each  swatch  and  will  exit  the  bottom  of  the 
cell.  For  each  cell,  the  port  on  the  side  of  the  tower  and  the  tee  at  the  cell  exit  will  be  connected 
to  a  differential  pressure  gage.  The  flow  rate  from  each  cell  will  be  controlled  with  a  linear  mass 
flow  controller  connected  to  the  vacuum  manifold.  Each  flow  rate  will  be  set  to  a  value  that 
yields  a  reading  of  0.1  in.  of  water  on  the  differential  pressure  gage.  The  gage  readings  will  be 
checked  with  a  calibrated  differential  pressure  meter  weekly.  Flow  rates  will  be  manually 
recorded. 


6.  Each  test  cell  will  be  checked  for  leaks  after  assembly  by  connecting  it  to  the 
vacuum  source  and  checking  that  the  inlet  flow  is  the  same  as  the  outlet  flow  on  the  mass  flow 
controller  (cell  lugs  will  be  retightened  if  flows  don’t  match). 

7.  The  sample  swatches  will  serve  as  their  own  negative  controls  while  being 
preconditioned  for  2  hr  prior  to  agent  contamination  by  being  MINICAMS™  monitored.  A 
SARATOGA™  material  swatch  will  be  used  as  a  positive  control  for  each  test  (six  test  swatches 
and  one  SARATOGA™  swatch).  To  establish  a  baseline,  at  least  two  tests  using 
SARATOGA™  control  material  only  (14  swatches)  will  be  conducted  with  HD  and  two  tests 
will  be  conducted  with  GB  prior  to  commencement  of  testing. 

8.  Agents  GB  and  HD  will  be  used.  The  contamination  density  will  be  10  g/m2 
(eight  1  fiL  HD  droplets  or  ten  1  flL  GB  droplets).  A  robotic  agent  application  system  is  not 
available  due  to  budget  constraints.  The  agent  will  be  applied  using  the  click/touch  method  with 
a  Hamilton  repeating  dispenser.  The  contamination  density  will  be  checked  each  test  day  by 
placing  10  droplets  into  a  pre-weighed  flask  or  vial  containing  appropriate  solvent,  weighing  the 
vial  or  flask  on  a  calibrated  balance  and  calculating  the  average  droplet  weight.  Alternatively, 
one  droplet  may  be  placed  into  a  vial  containing  appropriate  solvent  and  the  amount  of  agent  in 
the  droplet  determined  by  an  appropriate  analytical  procedure  such  as  gas  chromatography. 

9.  Seven  swatches  will  be  tested  at  once.  MINICAMS™  with  stream  selection 
system  will  monitor  vapor  permeation  with  a  3-min  cycle.  There  will  be  three  blank  sampling 
intervals  following  the  positive  control  swatch.  Each  swatch  will  be  sampled  once  every  30  min. 
The  MINICAMS™  will  be  standardized  weekly. 

10.  The  test  length  will  be  10  hr;  2  hr  for  conditioning  and  8  hr  after  agent 
contamination.  Each  swatch  shall  complete  four  MINICAMS™  sampling  cycles  prior  to 
contamination. 


1 1 .  The  test  cells  and  o-rings  will  be  aerated  for  at  least  24  hr  between  uses.  No 
other  cleaning  method  will  be  used.  O-rings  will  be  completely  replaced  on  a  weekly  basis. 

12.  The  data  to  be  reported  are  cumulative  permeation  (ng/cm2)  versus  elapsed 
tima  (minutes)  and  Ct  (cumulative  mass/flow  rate,  ng-min/cm3)  versus  elapsed  time  for  each 
swatch.  All  recorded  data  will  be  placed  in  laboratory  notebooks  and  a  technical  report  will  be 
drafted  at  the  conclusion  of  this  effort. 
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APPENDIX  B 
TEST  RESULTS 


Table  B-l.  SARATOGA™  Hammer  Suit  Average  Cumulative  HD  Permeation 
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Note  t :  The  time  given  for  each  sampling  area  is  the  average  of  the  elapsed  times  for  the  three  swatches  tested  per  sampling  area. 

Note  2:  The  average  time  is  the  sum  of  the  times  given  for  each  sampling  area  divided  by  the  number  of  sampling  areas. 

Note  3:  Weighted  average  Mr  =  0.4(chest  area  Mf)+0.35(thigh  area  Mf)40.05(upper  arm  seam  Mf)40.05(lower  leg  seam  Mj)+0.05(crotch  area  Mr)+0.05(hood 


seam  Mi). 
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Table  B-2.  SARATOGA™  Hammer  Suit  Average  Cumulative  GB  Permeation 
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Note  1 :  The  time  given  for  each  sampling  area  is  the  average  of  the  elapsed  times  for  the  three  swatches  tested  per  sampling  area. 

Note  2:  The  average  time  is  the  sum  of  the  times  given  for  each  sampling  area  divided  by  the  number  of  sampling  areas. 

Note  3:  Weighted  average  Mr  =  0.4(chest  area  Mr)*0.35(thigh  area  Mi)+0.05(upper  arm  seam  Mi)+0.05(lower  leg  seam  Mi)+0.05(crotch  area  Mi)+0.05(hood 


seam  Mr). 
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Weighted  Avg  M„  GB  (ng/cm2)  Weighted  Avg  Mf,  HD  (ng/cm2) 


Saratoga™  Hammer  Suit  Chemical  Protective  Undergarment 


Figure  B-l.  SARATOGA™  Hammer  Suit  -  Weighted  Average  HD  Permeation 


Figure  B-2.  SARATOGA™  Hammer  Suit  -  Weighted  Average  GB  Permeation 
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Ms  Average  GB  Permeation  (ng/cm2)  Mf>  Average  HD  Permeation  (ng/cm2) 


Saratoga™  Hammer  Suit 
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APPENDIX  C 

SARATOGA™  HAMMER  SUIT  PHOTOS 


Figure  C.  SARATOGA™  Hammer  Suit  Coat  and  Trousers 
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APPENDIX  D 

NEGATIVE/POSITIVE  CONTROL  AND  INDIVIDUAL  TEST  DATA 


Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2) 

Negative  Control  Test 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/1 1/03 


Table  D-l.  Individual  Negative  Control  Measurements  for  HD 


Swatch# 

Average 

Thickness  (inches) 

Permeation  Cell# 

Computer  Average 
Flow  (ccm) 

Pressure 
Difference, 
(inch  WC) 

1 

0.045 

6 

402 

0.103 

2 

0.045 

1 

430 

0.100 

3 

0.045 

3 

419 

0.103 

4 

0.045 

4 

394 

0.109 

5 

0.045 

10 

431 

0.097 

6 

0.045 

12 

403 

0.098 

7 

0.045 

11 

410 

0.098 

8 

0.045 

9 

489 

0.103 

9 

0.045 

7 

339 

0.103 

10 

0.045 

2 

430 

0.099 

11 

0.044 

5 

421 

0.098 

12 

0.045  | 

8 

411 

0.100 

Notes: 

-Chemical  Protective  Overgarment  for  Domestic  Preparedness,  SARATOGA™  Hammer  Suit 

-Made  by:  Tex-Shield,  Inc.  2300  M  Street  N.W.  Suite  800  Washington,  DC  20037 

-Suit  inspected  1  April  03  and  found  okay.  Size  LR,  lot#  BL1 00401 891 

-Swatches  were  taken  from  the  front  of  the  left  pant  leg;  they  consisted  of  a  single  layer  of  fabric 

and  a  layer  of  carbon  material. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  33:15 


Average  Chamber  Temperature  =  32.2°C  (90.0  °F) 
Average  Manifold  Temperature  =  32.1°C  (89.8  °F) 
Average  Relative  Humidity  =  36.7  % 

Average  Computer  Flow  Rate  =  415  ccm 
Average  Pressure  Difference  =  0.101  in.  WC 


Table  D-2.  Individual  Mf  Negative  Control  Values  at  Sampling  Times  for  HD 
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Note: 

-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  GB  Liquid  (10g/m2) 

Negative  Control  Test 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/22/03 


Table  D-3.  Individual  Negative  Control  Measurements  for  GB 


Swatch  # 

Average 

Thickness  (inches) 

Permeation  Cell# 

Computer  Average 
Plow  (ccm) 

Pressure 
Difference,  (inch 
WC) 

1 

0.045 

5 

371 

0.100 

2 

0.045 

3 

465 

0.099 

3 

0.045 

12 

409 

0.100 

4 

0.045 
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364 
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12 
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11 
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0.100 

Notes: 

-Swatches  were  taken  from  the  back  of  the  lower  left  pant  leg;  they  consisted  of  a  single  layer  of 
fabric  and  a  layer  of  carbon  material. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  58:19 


Average  Chamber  Temperature  =  32.2  °C  (90.0  °F) 
Average  Manifold  Temperature  =  32.1  °C  (89.8  °F) 
Average  Relative  Humidity  =  35.4% 

Average  Computer  Flow  Rate  =  385  ccm 
Average  Pressure  Difference  =  0.100  in.  WC 
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Notes: 


-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2) 

Positive  Control  Test 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/14/03 


Table  D-5.  Individual  Positive  Control  1 

Measurements  for  HD 

Swatch  #  ■•'■'R. 

Average 

Thickness  (inches) 

Permeation  Ceil# 

Computer  Average 
Plow  (ccm) 

Pressure 
Difference 
(in  WC) 

1 

0.045 

6 

412 

0.104 

2 

0.045 

1 

440 

0.102 

3 

0.045 

3 

429 

0.107 

4 

0.045 

4 

383 

0.107 

5 

0.045 
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12 

0.045 
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422 

0.101 

l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  7:59:09 


Average  Chamber  Temperature  =  32.2  °C  (90.0  °F) 
Average  Manifold  Temperature  =  32.0  °C  (89.6  °F) 
Average  Relative  Humidity  =  35.2% 

Average  Computer  Flow  Rate  =  425  ccm 
Average  Pressure  Difference  =  0.109  in.  WC 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2), 

Positive  Control  Test 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/14/03 
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-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  GB  Liquid  (10g/m2) 

Positive  Control  Test 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/22/03 


Table  D-7.  Individual  Positive  Control  ] 

Vfeasurements  for  GB 

Swatch  # 

Average  Thickness 
(inches) 

Permeation  Cell# 

Computer  Average 
Flow  (certify  v! 

Pressure 

Difference  (in  WC) 

1 

0.045 

5 

372 

2 

0.045 

3 

465 

0.102 

3 

0.045 

12 

409 

0.100 

4 

0.045 

4 

364 

0.104 

5 

0.045 

8 

356 

0.099 

6 

0.045 

2 

388 

0.098 

7 

0.045 

9 

370 

0.100 

8 

0.045 

7 

329 

0.103 

9 

0.045 

6 

439 

0.095 

10 

0.045 

365 

0.102 

11 

0.045 

1 

351 

0.099 

12 

0.045 

11 

412 

0.105 

Notes: 

-Swatches  were  taken  from  the  back  of  the  lower  left  pant  leg;  they  consisted  of  a  single  layer  of 
fabric  and  a  layer  of  carbon  material. 

-Agent  beaded  up  on  the  surface  of  the  swatch. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  7:59:24 


Average  Chamber  Temperature  =  32.2  °C  (90.0  °F) 
Average  Manifold  Temperature  =  32.1  °C  (89.8  °F) 
Average  Relative  Humidity  =  35.9% 

Average  Computer  Flow  Rate  =  385  ccm 
Average  Pressure  Difference  =  0.101  in.  WC 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2) 

Test  1 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/17/03 


Saratooa™  Hammer  Suit  vs.  GB  Liquid  10p/m* 

Positive  Control  Test 
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Table  D-9.  Individual  Swatch  Measurements  for  HD,  Test  1 


Swatch  # 

Description 

Average 

Thickness 

(Inches) 

Permeation 

Cell# 

Computer 
Average  Flow 
(ccm) 

Pressure 
Difference  (in 
WC) 

1 

Thigh 

0.044 

6 

412 

0.104 

2 

Thigh  ' 

0.044 

4 

440 

0.100 

3 

Thigh 

0.045 

8 

429 

0.096 

4 

Chest 

0.044 

2 

243 

0.110 

5 

Chest 

0.044 

1 

243 

0.107 

6 

Chest 

0.044 

12 

272 

0.105 

7 

Crotch  -  no  seam 

0.044 

5 

430 

0.101 

8 

Crotch  -  seam 

0.108 

9 

279 

0.113 

9 

Crotch  -  seam 

0.089 

10 

399 

0.092 

10 

0.081 

3 

249 

0.111 

11 

Hood  -  seam 

0.066 

11 

242 

0.115 

12 

Hood  -  seam 

0.073 

7 

261 

0.110 

Notes: 

-Swatches  consisted  of  a  single  layer  of  fabric  and  a  layer  of  carbon  material. 
-Agent  beaded  up  on  the  surface  of  the  swatch. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  7:57:47 


Average  Chamber  Temperature  =  32.2  °C  (90.0  °F) 
Average  Manifold  Temperature  =  32.1  °C  (89.8  °F) 
Average  Relative  Humidity  =  34.1% 

Average  Computer  Flow  Rate  =  325  ccm 
Average  Pressure  Difference  =  0.105  in.  WC 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2) 

Test  2 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/18/03 


Table  D-ll.  Individual  Swatch  Measurements  for  HD,  Test  2 


Swatch  # 

Description  f 

Average 

Thickness- 

(inches) 

.Permeation  ' 
Cell# 

Computer 
Average  Flow 
(ccm) 

Pressure 
Difference, 
Inch  WC 

1 

■■jaiEttffliiiKgasiuM 

0.074 

5 

201 

0.103 

2 

Upper  Arm  Seam 

0.082 

12 

245 

0.103 

3 

Upper  Arm  Seam 

0.102 

9 

239 

0.116 

4 

Lower  Leg  Seam 

0.077 

4 

334 

0.105 

5 

Lower  Leg  Seam 

0.076 

3 

320 

0.108 

6 

Lower  Leg  Seam 

0.074 

8 

383 

0.106 

Notes: 

-Swatches  consisted  of  a  single  layer  of  fabric  and  a  layer  of  carbon  material,  except  for  swatch 
#3.  One  half  of  swatch  #3  was  two-layer  fabric  with  the  seam  as  the  division. 

-Agent  beaded  up  on  the  surface  of  the  swatch. 


l-15/i6-in.  swatch  Average  Chamber  Temperature  =  32.0  °C  (89.6  °F) 

Used  MINICAMS'™  GC/FPD  Average  Manifold  Temperature  =  3 1 .8  °C  (89.2  °F) 

Min.  Detection  Limit  =  0.57ng  Average  Relative  Humidity  =  35.7% 

Total  Test  Time  =  7:59:37  Average  Computer  Flow  Rate  =  287ccm 

Average  Pressure  Difference  =  0.107  in.  WC 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  HD  Liquid  (10g/m2) 

Test  2 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/18/03 


Table  E 

»-12.  Individua 

Mf  Swatch  Values  at  Sampling  Times  for  HE 

Test  2 

Time 

S 

Time 

S 

Time 

s  > 

Time 

S  :? 

Time 

S 

Time 

:iS: 

(min) 

#1 

(min) 

#2 

(min) 

#3 

(min) 

#4 

(min) 

#5 

(min) 

#6 

3 

2 

6 

7 

9 

7 

12 

34 

15 

137 

18 

350 

21 

167 

24 

27 

B9 

I9EEH 

1285 

39 

547 

42 

45 

wEsm 

48 

773 

51 

1522 

54 

2460 

57 

1024 

60 

966 

63 

69 

2362 

72 

3515 

75 

1505 

78 

1395 

81 

M:liW 

84 

■KIM 

90 

4330 

1950 

97 

1770 

100 

1125 

103 

mam 

■him 

lESM 

109 

4961 

Hkl 

2348 

115 

2081 

118 

1366 

121 

W5EEM 

■KM 

4184 

127 

5484 

Klifl 

2686 

133 

2336 

MESM 

4631 

145 

5937 

148 

2966 

151 

2545 

3974 

■pm 

5027 

163 

6335 

166 

wKm 

169 

2715 

172 

1978 

175 

4352 

6691 

184 

3381 

187 

2863 

190 

2155 

193 

4690 

196 

5690 

199 

202 

3544 

205 

2996 

208 

2325 

211 

5000 

214 

5986 

217 

EH! 

220 

3692 

223 

3116 

226 

2490 

229 

6264 

3828 

241 

244 

2649 

247 

5570 

253 

7845 

3956 

259 

mmu 

265 

5842 

Km 

WMEM 

271 

8085 

274 

4075 

278 

3435 

284 

6114 

287 

7043 

290 

8305 

293 

4188 

296 

299 

302 

wmfm 

308 

8509 

311 

4296 

314 

317 

WkVZZW 

320 

Km 

326 

8698 

329 

4397 

332 

■clftkll 

335 

341 

7695 

344 

8869 

MESM 

4489 

KE9 

3765 

353 

EM 

mEEM 

359 

7863 

362 

4574 

EH 

3827 

371 

ESI 

■rilliZE 

377 

8005 

380 

383 

4650 

386 

3881 

389 

3725 

392 

395 

8124 

398 

M3EM 

WEESM 

4718 

WEEEM 

3927 

407 

3809 

410 

El 

413 

9363 

4776 

3967 

425 

3878 

428 

mkim 

msm 

■;Wif 

WESfM 

4828 

440 

4000 

443 

3933 

WESM 

me mi 

Em 

452 

9493 

455 

4873 

459 

4028 

462 

3976 

465 

7503 

468 

8396 

471 

9542 

474 

4909 

477 

4052 

480 

4009 

Notes: 

-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  GB  Liquid  (10g/m2) 

Test  1 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/23/03 


Table  D-13.  Individual  Swatch  Measurements  for  GB,  Test  1 


Swatch 

Description 

Average 

Thickness 

(inches) 

Permeation  Cell# 

Computer 
Average  Flow 
(ccm) 

Pressure 
Difference  (inch 
WC) 

1 

Thigh 

0.045 

3 

376 

0.099 

2 

Thigh 

0.045 

1 

495 

3 

Thigh 

0.045 

11 

429 

0.101 

4 

Chest 

0.044 

8 

233 

0.105 

5 

Chest 

0.044 

7 

210 

0.101 

6 

Chest 

0.045 

2 

237 

0.102 

8 

Hood-Seam 

0.071 

10 

174 

0.102 

9 

Hood-Seam 

0.062 

6 

249 

0.099 

10 

Crotch-Seam 

0.114 

4 

299 

0.105 

12 

Crotch-No  Seam 

0.045 

5 

452 

0.101 

Notes: 

-Swatches  consisted  of  a  single  layer  of  fabric  and  a  layer  of  carbon  material,  except  for  both  of 
the  crotch-seam  swatches.  They  had  two  layers  of  fabric  on  approximately  half  of  the  swatch. 
The  seam  was  the  division  of  one  or  two  layers  of  fabric.  Swatches  #7  and  1 1  were  not  tested 
due  to  flow  errors.  Swatch  #7  was  a  hood-seam;  swatch  #1 1  was  a  crotch-seam.  These  were 
tested  at  another  time. 

-Agent  beaded  up  on  the  surface  of  the  swatches. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57  ng 
Total  Test  Time  =  7:58:42 


Average  Chamber  Temperature  =  32.1  °C  (89.8  °F) 
Average  Manifold  Temperature  =  31.8  °C  (89.2  °F) 
Average  Relative  Humidity  =  35.6% 

Average  Computer  Flow  Rate  =  315  ccm 
Average  Pressure  Difference  =  0.102  in.  WC 
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Notes: 

-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 


Air-Permeable  SARATOGA™  Hammer  Suit  vs.  GB  Liquid  (10g/m2) 

Test  2 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/24/03 


Table  D-15.  Individual  Swatch  Measurements  for  GB,  Test  2 


Description  ? 

Average 
Thickness 
'  (inches) 

. Vv.j  ’ 

Permeation 

Ceil# 

Computer 
Average  Flow 
(com) 

Pressure 
Difference  (inch 
WC) 

0.072 

11 

221 

0.102 

2 

2 

280 

0.102 

3 

Upper  Arm  Seam 

0.084 

5 

269 

0.104 

4 

Upper  Leg  Seam 

0.075 

6 

414 

0.107 

5 

Upper  Leg  Seam 

0.105 

10 

240 

0.102 

6 

Upper  Leg  Seam 

0.111 

4 

333 

0.101 

7 

Hood-Seam 

0.067 

9 

251 

0.108 

8 

Crotch-Seam 

0.116 

12 

424 

0.099 

Notes: 

-Swatches  consisted  of  a  single  layer  of  fabric  and  a  layer  of  carbon  material,  except  for 
swatches  #3, 5, 6,  and  8.  About  one  half  of  swatches  #5, 6,  and  8  have  two  layers  of  fabric,  with 
the  seam  as  the  division.  A  very  small  portion  of  swatch  #3  has  two  layers  of  fabric. 

-Agent  beaded  up  on  the  surface  of  the  swatch. 


l-15/i6-in.  swatch 
Used  MINICAMS™  GC/FPD 
Min.  Detection  Limit  =  0.57ng 
Total  Test  Time  =  7:57:46 


Average  Chamber  Temperature  =  32.0  °C  (89.6  °F) 
Average  Manifold  Temperature  =  31.7  °C  (89.1  °F) 
Average  Relative  Humidity  =  35.2% 

Average  Computer  Flow  Rate  =  304  ccm 
Average  Pressure  Difference  =  0.103  in.  WC 
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Air-Permeable  SARATOGA™  Hammer  Suit  vs.  GB  Liquid  (10g/m2) 

Test  2 

Modified  Convective  Permeation  Test  at  90  °F  and  35%  RH,  07/24/03 


Time 

-.(min) 

S#1 

Time 

(min) 

S#2 

Time 

(min) 

S#3 

Time 

(min) 

S#4 

Time 

(min) 

S#5 

Time 

(min) 

S#6 

Time 

(min) 

S#7 

Time 
(min)  ? 

?  y-  •: 

S#8 

2 

394 

5 

981 

7 

1042 

10 

1354 

12 

2218 

15 

4091 

18 

3450 

20 

1844 

23 

Hiil 

IPP 

8576 

6418 

30 

5855 

33 

8011 

:B&B 

mm 

38 

iraiti 

40 

EMM 

43 

fftfli] 

mm 

n#ii 

50 

8431 

53 

11231 

IBS 

raEi 

58 

15794 

rai 

kb 

gHTER! 

68 

70 

Eggl 

73 
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78 

IEImSI 

80 

IMAM 

[H#] 

85 
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88 

93 

im 

95 
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WlMl 

15133 

mm 

105 

ro 

108 

mm 

ran 

113 

ua 

BS 

118 

22155 

120 

H 

123 

125 

mm 

128 

17140 

130 

trai 

133 

grai 

138 

mm 

140 

ES3 

mm 

■Ekfl 

mm 

148 

iww 

150 

11642 

153 

15325 

155 

22142 

158 

160 

Ring 

163 

19325 

165 

25221 

168 

tmu 

msm 

mm 

msm 

EEEflil 

180 

Q3Q 

185 

M3 

188 

SE553 

190 

■KKM 

raa 

■nM 

^1 

■k'ijcB 

Mil 

205 

26577 

208 

na 

EH9 

12453 
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ran 

EM 

mm 

EEffiiltl 

220 

m>>MW 

RifZFl 
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SM 

R9 

wm 

233 

16681 
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FM 

men 

240 

f%ng 

mm 

EMI 
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lEHaa 
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M 
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255 

260 

15EE1 

263 

21511 

265 

FfiEl 

268 

f#5Fl 

270 

m 

273 

17224 

KftH 

278 

Kftftkid 

280 

EU 

283 

mm 

285 

mm 

288 

mu\ 

290 

tm 

293 

17467 

295 

24791 

298 

27231 

300 

B 

303 

F5R5! 

305 

ran 

308 

HD 

13435 

313 

ran 

315 

MR 

27554 

320 

Wffl 

323 

WWA 

325 

328 

20998 

wm 

333 

E5HE 

335 

340 

W 

343 

345 

29728 

348 

353 

mm 

355 

360 

HTiTiH 

363 

w 

365 

368 

ran 

375 

Rrai 

mm 

EE!*E1 

380 

Era 

383 

385 

388 

EIEETi] 

390 

1EM3I 

393 

rani 

395  | 

«! 

■cliM 

MB 

HD 

30711 

408 

mm 

lERiE! 

413 

415 

418 

420 

n 

423 

»4sfcfd 

31015 

428 

lira 

433 

rasi 

mm 

Mil 

msm 

IW! 

440 

kllUJ 

443 

E%=I%] 

448 

22173 

450 

mm 

rag 

mm 

Mil 

MEM 

460 

Era 

463 

24218 

465 

31609 

468 

470 

14615 

473 

19237 

475 

26999 

478 

Notes: 

-In  all  Mf  tables,  zero  (0)  is  equivalent  to  non-detectable  (ND). 
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